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APPARATUS FOR PROVIDING MULTI-SPECTRAL 
LIGHT FOR AN IMAGE PROJECTION SYSTEM 

RELATED APPLICATIONS 

[0001] Commonly-assigned, copending US. patent appli 
cation Ser. No. , entitled “METHOD AND APPA 
RATUS FOR PREVENTING UNAUTHORIZED COPY 
ING OF SCREEN IMAGES”, ?led concurrently herewith. 

FIELD OF THE INVENTION 

[0002] This invention relates to multi-spectral light source 
systems for image projection devices and systems and, in 
particular, to a solid state multi-spectral light source for a 
multi-spectral light source system comprised of different 
color light-emitting diodes that produce light bars that can 
be scrolled or ?ashed. 

BACKGROUND OF THE INVENTION 

[0003] Multi-spectral light source systems are particularly 
useful in color image projection devices and systems. One 
commonly knoWn multi-spectral light source is a re?ective 
light system, Which is shoWn in FIG. 1. This system 
includes an intense White light source LS produced, for 
eXample by an arc lamp. The White light generated by the 
light source LS can be decomposed into three primary color 
components, in this case red green and blue light. The ?rst 
optical element struck by the White light is a dichroic ?lter 
RR. Dichroic ?lters are used in the art for re?ecting a desired 
color of light and passing all other colors of light. The ?lter 
RR is placed at about a 45 degree angle so as to re?ect the 
red component of the White light by 90 degrees through a 
series of additional optical elements. The ?rst one of these 
elements is a conventional mirror M1 that changes the 
direction of the red light by about 90 degrees. The red light 
is then shaped by an optical slit element denoted by the 
numeral S1 that creates a bar of red light. This bar of red 
light then passes through a rotating prism P1 so as to cause 
the red bar of light to scroll across a light valve LV. The 
scrolling action can progress in many orientations across the 
light valve e.g. horiZontally, vertically or diagonally, but is 
usually scrolled vertically from top to bottom. Prior to 
reaching the light valve LV, the scrolling bar of red light 
passes through tWo other dichroic ?lters RG2 and RB that 
respectively re?ect only green and blue light. The scrolling 
red bar of light then passes through an image block IB and 
onto the re?ective light valve LV. The light valve LV 
modulates the red light bar With red piXel information to 
form the red portion of an image Which is then re?ected back 
to a screen S. The screen S then re?ects the red portion of 
the image to the observer. 

[0004] The green component of the White light passes 
through the ?lter RR and is re?ected via a dichroic ?lter 
RG1 that re?ects only green light and alloWs the blue light 
to pass. The green light, Which has noW changed direction by 
90 degrees, passes through a second optical slit element S2 
and a second rotating prism P2. The second slit S2 and prism 
P2 form a scrolling bar of green light in manner similar to 
the red bar. The scrolling bar of green light is then re?ected 
by the dichroic ?lter RG2 to join the green scrolling bar With 
the red scrolling bar. The tWo bars do not overlap and 
maintain their relative position on the light valve via coor 
dinated controls in the rotating prisms P1 and P2. The green 

Jun. 26, 2003 

bar then passes through the dichroic ?lter RB to the image 
block IB and onto the re?ective light valve LV. The light 
valve LV modulates the green light With green piXel infor 
mation to form the green portion of the image, Which is then 
re?ected back to the screen S. The screen S then re?ects the 
green portion of the image to the observer. 

[0005] The blue component of the White light passes 
through the ?lters RR and RG1 Where it is shaped by a third 
optical slit element S3 into a bar of blue light. This bar of 
light is then scrolled via a third prism P3 in a manner similar 
to the red and green light. The bar of blue light then re?ects 
off a second conventional mirror M2 and the dichroic ?lter 
RB to the image block IB and onto the re?ective light valve 
LV. The light valve LV modulates the blue light With blue 
piXel information to form the blue portion of the image 
Which is then re?ected back to the screen S. The screen S 
then re?ects the blue portion of the image to the observer. 
More speci?cally, the scrolling bar of blue light is coordi 
nated With the green and red light so that none of the bars 
overlap and the entire light valve is illuminated. As the 
different bars of light progress across the light valve LV, 
different piXel information is used to modulate the different 
light colors so that an integrated color image appears to the 
observer. 

[0006] FIG. 2 shoWs another type of commonly knoWn 
multi-spectral light source, referred to as a transmissive light 
system. The transmissive light system generates colored 
light bars in a manner that is substantially identical to the 
re?ective light system described in FIG. 1, eXcept, the light 
valve LV‘ modulates light as it passes through to the screen 
S, Which re?ects the image to an observer. 

[0007] Another commonly knoWn multi-spectral light 
source is a ?ashing lamp system. Flashing lamp systems 
employ a static color division system comprised of a lamp 
for each of the primary colors: red, green, and blue. A color 
image is provided by sequentially ?ashing the lamps coor 
dinated With related color information on a light valve 
(either re?ective or transmissive). 

[0008] These multi-spectral light source systems have 
some disadvantages. In re?ective light systems, the prisms 
used for spectrally dividing the White light generated by the 
light source increases the cost, siZe and poWer requirements 
of the system. Flashing lamp systems are also expensive 
because of the use of multiple lamps With their associated 
re?ectors and lens systems. Since the light generating por 
tions of these systems serve only to create three scrolling or 
?ashing bars of light for illuminating the light valve, a light 
generating system that can produce scrolling or ?ashing bars 
of light While providing reduced space, cost and poWer 
requirements Would be desirable. 

SUMMARY OF THE INVENTION 

[0009] According to a ?rst aspect of the present invention, 
a solid state multi-spectral light source comprises a plurality 
of light-emitting diodes, Wherein at least tWo of the light 
emitting diodes produce tWo different colors. 

[0010] According to a second aspect of the present inven 
tion, a multi-spectral light source system comprises a light 
valve and the solid state multi-spectral light source 
described above. The light source scrolls or ?ashes primary 
colored light bars onto the light valve to produce a color 
image. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 illustrates a conventional multi-spectral 
re?ective light system; 

[0012] FIG. 2 illustrates a conventional multi-spectral 
transmissive light system; 

[0013] FIG. 3 illustrates a solid state multi-spectral light 
source according to an exemplary embodiment of the 
present invention; 

[0014] FIG. 4 illustrates a method for producing red, 
green, and blue light bars using the light source of the 
present invention; 

[0015] FIGS. 5A-5E illustrate a method according to an 
exemplary embodiment of the invention for producing 
scrolling red, green, and blue light bars With the light source 
of the present invention; 

[0016] FIGS. 6A-6C illustrate a method according to an 
exemplary embodiment of the present invention for ?ashing 
red, green, and blue light bars With the light source of the 
present invention; and 

[0017] FIGS. 7A and 7B illustrate exemplary multi-spec 
tral light source systems Which employ the light source of 
the present invention. 

[0018] It is to be understood that these draWings are solely 
for purposes of illustrating the concepts of the invention and 
are not intended as a de?nition of the limits of the invention. 

It Will be appreciated that the same reference numerals, 
possibly supplemented With reference characters Where 
appropriate, have been used throughout to identify corre 
sponding parts. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0019] FIG. 3 illustrates a solid state multi-spectral light 
source 10 according to an exemplary embodiment of the 
present invention. The light source 10 is comprised of a 
plurality of light-emitting diode (LED) groups denoted by 
numeral 12 arranged in an array. In the shoWn embodiment, 
each LED group is a triad of a red LED 14, a blue LED 16, 
and a green LED 18, all of Which are conventional in design 
and operation. The LED groups in other embodiments of the 
invention may employ different numbers and colors of 
LEDs. The LEDs 14, 16, 18 of each triad 12 may be 
arranged in a triangular manner as shoWn in FIG. 1, or in 
any other suitable arrangement. The LEDs 14, 16, 18 
produce red, green, and blue colored light bars (the primary 
colors) that may be scrolled or ?ashed through selective 
actuation of like colored LEDs in the triads 12 in accordance 
With an image signal. The light source 10 can produce 
straight or Zig-Zagging vertical, horiZontal, and diagonal 
colored light bars Which can be scrolled or ?ashed in 
substantially any direction. Also, there may be gaps pro 
vided betWeen the bars or stripes 

[0020] As illustrated in FIGS. 7A and 7B, the light source 
10 of the present invention may be combined With a light 
valve 20A, 20B to create a multi-spectral light source 
system. The light valve may be a re?ective light valve as 
shoWn in FIG. 7A or a transmissive light valve as shoWn in 
FIG. 7B. In either system, the light source 10 may be used 
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for scrolling or ?ashing the colored light bars onto the light 
valve 20 to produce a color image. 

[0021] The LEDs 14, 16, 18 may be formed on a single 
Wafer using conventional semiconductor technology, such as 
silicon or AlInGaN. Alternatively, the LEDs of the may be 
formed from a plurality of individual substrates or chips 
(each substrate or chip representing a single LED) on a 
circuit board. 

[0022] FIG. 4 illustrates one exemplary mode of operation 
of the light source of the present invention Which produces 
red, green, and blue light bars. In this particular example, the 
light bars are straight and extend horiZontally. One of 
ordinary skill in the art Will recogniZe that straight or 
Zig-Zagging light bars, Which extend vertically or diagonally, 
can also be produced in a manner consistent With the 
folloWing discussion. As illustrated, the red LEDs 14 in triad 
roWs 1-3 are actuated to produce a red light bar, the green 
LEDs 18 in triad roWs 4-6 are actuated to produce a green 
light bar, and the blue LEDs 16 in triad roWs 7-9 are actuated 
to produce a blue light bar. 

[0023] FIGS. 5A-5E shoW the light source 10 at ?ve 
sequentially different times to illustrate a second exemplary 
mode of operation Which produces scrolling red, green, and 
blue light bars. In this particular example, the light bars to 
be scrolled are straight and extend horiZontally. Moreover, 
the scrolling moves from the bottom of the light source to 
the top of the light source. Alternatively, scrolling can be 
from top to bottom. The light bars can also be straight and 
extend vertically, and scrolled from left to right or right to 
left. In addition, diagonally extending, Zig-Zagging light bars 
can be produced if desired. Such light bars can be made to 
scroll from bottom to top, from top to bottom, from left to 
right or from right to left of the light source 10 in a manner 
consistent With the folloWing discussion. 

[0024] Starting With FIG. 5A, the red LEDs 14 in triad 
roWs 1-3 are actuated to produce a red light bar, the green 
LEDs 18 in triad roWs 4-6 are actuated to produce a green 
light bar, and the blue LEDs 16 in triad roWs 7-9 are actuated 
to produce a blue light bar. 

[0025] In FIG. 5B, Which shoWs the light source 10 at a 
subsequent point in time, the red LEDs 14 in triad roWs 1-2 
are still actuated and producing a portion of the red light bar 
described above, hoWever, the red LEDs 14 in triad roW 3 
have been deactuated and the green LEDs 18 in that triad 
roW are noW actuated and combine With the green LEDs 18 
in triad roWs 4 and 5 Which are still actuated to produce a 
green light bar. The green LEDs 18 in triad roW 6 have been 
deactuated and the blue LEDs 16 in that triad roW are noW 
actuated and combine With the blue LEDs 16 in triad roWs 
7 and 8 Which are still actuated to produce a blue light bar. 
The blue LEDs 16 in triad roW 9 have been deactuated and 
the red LEDs in that triad roW have been actuated to produce 
the other portion of the red light bar generated in triad roWs 
1 and 2. This process is repeated in each of FIGS. 5C-5E to 
produce bottom-to-top scrolling of red, green, and blue light 
bars. 

[0026] FIGS. 6A-6C shoW the light source at three 
sequentially different times to illustrate a third exemplary 
mode of operation Which produces ?ashing red, green, and 
blue light bars. In this particular example, the light bars to 
be ?ashed are straight and extend horiZontally. One of 



US 2003/0117591 A1 

ordinary skill in the art Will recognize, however, that straight 
or Zig-Zagging light bars, Which extend vertically or diago 
nally, can also be ?ashed in a manner consistent With the 
folloWing discussion. 

[0027] Starting With FIG. 6A, the red LEDs 14 in triad 
roWs 1-3, the green LEDs 18 in triad roWs 4-6, and the blue 
LEDs 16 in triad roWs 7-9 are actuated to produce a 
red-green-blue bar ?ash. 

[0028] In FIG. 6B, Which shoWs the light source at a later 
point in time, the red LEDs 14 in triad roWs 1-3, the green 
LEDs 18 in triad roWs 4-6, and the blue LEDs 16 in triad 
roWs 7-9 have been deactuated and the green LEDs 18 in 
triad roWs 1-3, the blue LEDs 16 in triad roWs 4-6 and the 
red LEDs 14 in roWs 7-9 are noW actuated to produce a 
green-blue-red light bar ?ash. 

[0029] At still another point in time, as illustrated in FIG. 
6C, the green LEDs 18 in triad roWs 1-3, the blue LEDs 16 
in triad roWs 4-6, and the red LEDs 14 in triad roWs 7-9 have 
been deactuated and the blue LEDs 16 in triad roWs 1-3, the 
red LEDs 14 in triad roWs 4-6, and the green LEDs 18 in 
triad roWs 7-9 are noW actuated to produce a blue-red-green 
light bar ?ash. 

[0030] As stated earlier, the solid state multi-spectral light 
source 10 of the present invention may used in multi 
spectral light source systems similar to that shoWn in FIGS. 
7A and 7B. Such systems may be used for preventing the 
copying of commercial ?lm releases. UnauthoriZed copying 
of screen images, such as in cinema theaters, using video 
recording or camcorder devices is a signi?cant problem for 
the studios, producers, distributors, and actors. The light 
source of the present invention may be used in the method 
and apparatus described in related co-pending US. patent 
application Ser. No. entitled METHOD AND APPA 
RATUS FOR PREVENTING UNAUTHORIZED COPY 
ING OF SCREEN IMAGES, to prevent such copying. 

[0031] While the foregoing invention has been described 
With reference to the above embodiments, various modi? 
cations and changes can be made Without departing from the 
spirit of the invention. Accordingly, all such modi?cations 
and changes are considered to be Within the scope of the 
appended claims. 

What is claimed is: 
1. A solid state multi-spectral light source comprising: 

a plurality of light-emitting diodes, Wherein at least tWo of 
the light-emitting diodes produce tWo different colors. 

2. The light source according to claim 1, Wherein the 
light-emitting diodes are arranged in groups, each group 
having at least tWo light-emitting diodes Which produce the 
tWo different colors. 

3. The light source according to claim 2, Wherein the 
light-emitting diode groups each include three light-emitting 
diodes Which produce three different colors. 
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4. The light source according to claim 2, Wherein the 
light-emitting diode groups produce tWo different color light 
bars that scroll or ?ash through selective actuation of like 
colored light-emitting diodes in accordance With an image 
signal. 

5. The light source according to claim 1, Wherein the 
light-emitting diodes are de?ned on a Wafer. 

6. The light source according to claim 1, Wherein the 
light-emitting diodes are formed by a plurality of substrates 
disposed on a circuit board, each of the light-emitting diodes 
corresponding to one of the plurality of substrates. 

7. A multi-spectral light source system comprising: 

a light valve; and 
a solid state multi-spectral light source that scrolls or 

?ashes different colored light bars onto the light valve 
to produce a color image, the light source including a 
plurality of light-emitting diodes, Wherein at least tWo 
of the light-emitting diodes produce tWo different col 
ors. 

8. The light source system according to claim 7, Wherein 
the light-emitting diodes of the light source are arranged in 
groups, each group having at least tWo light-emitting diodes 
Which produce the tWo different colors. 

9. The light source system according to claim 8, Wherein 
the light-emitting diode groups of the light source each 
include three light-emitting diodes Which produce three 
different colors. 

10. The light source system according to claim 8, Wherein 
the light-emitting diode groups of the light source produce 
tWo different color light bars that scroll or ?ash through 
selective actuation of like colored light-emitting diodes in 
accordance With an image signal. 

11. The light source system according to claim 7, Wherein 
the light-emitting diodes of the light source are de?ned on a 
Wafer. 

12. The light source system according to claim 7, Wherein 
the light-emitting diodes of the light source are de?ned by a 
plurality of substrates disposed on a circuit board, each of 
the light-emitting diodes corresponding to one of the plu 
rality of substrates. 

13. A method of producing multi-spectral light, the 
method comprising: 

providing plurality of light-emitting diodes; 
producing at least tWo different colors from at least tWo of 

the light-emitting diodes. 
14. The method according to claim 13, Wherein the 

providing step includes arranging the light-emitting diodes 
in groups each having at least tWo light-emitting diodes 
producing the tWo different colors. 

15. The method according to claim 14, further comprising 
selectively actuating like colored light-emitting diodes in the 
groups in accordance With an image signal to produce tWo 
different color light bars that scroll or ?ash. 

* * * * * 


